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(57) ABSTRACT 

An exhaust air removal system and method for use With a 
rack or enclosure containing equipment is provided. The 
system and method are con?gured for removal of exhaust air 
vented from equipment during operation to thereby remove 
heat from the equipment. In one aspect, the system includes 
a fan unit preferably con?gured to serve as a back door of 
an equipment rack or enclosure and con?gured to provide 
access to an interior of the rack or enclosure. The fan unit 
provides multiple fans coupled to internal exhaust ducts that 
are arranged to draW and to remove exhaust air vented from 
rack-mounted equipment. The fan unit is further con?gured 
to vent exhaust air to an area external to a rack or enclosure, 
such as an external exhaust duct or plenum. Removal of hot 
and Warm exhaust air vented from rack-mounted equipment 
enables the equipment to operate effectively, draWing suf 
?cient amounts of cooling air to meet its cooling require 
ments. The fan unit is constructed for portability and for easy 
attachment to and removal from a rack or enclosure, pro 
viding ?exibility in handling equipment exhaust needs. 
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EXHAUST AIR REMOVAL SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention relates to an exhaust air removal 
system for removing thermal exhaust air produced by equip 
ment during operation. 

BACKGROUND OF THE INVENTION 

[0002] Communications and information technology 
equipment is commonly designed for mounting to racks and 
for housing Within enclosures. Equipment racks and enclo 
sures are used to contain and to arrange communications and 
information technology equipment, such as servers, CPUs, 
internetWorking equipment and storage devices, in small 
Wiring closets as Well as equipment rooms and large data 
centers. An equipment rack can be an open con?guration and 
can be housed Within a rack enclosure. A standard rack 
typically includes front-mounting rails to Which multiple 
units of equipment, such as servers and CPUs, are mounted 
and stacked vertically, and typically has a footprint of about 
23 by 42 inches. The equipment capacity of a standard rack 
relates to the height of the mounting rails. The height is set 
at a standard increment of 1.75 inches, Which is expressed as 
“U” units or the “U” height capacity of a rack. A typical U 
height or value of a rack is 42 U. A standard rack at any 
given time can be sparsely or densely populated With a 
variety of different components as Well as With components 
from different manufacturers. 

[0003] Most rack-mounted communications and informa 
tion technology equipment consumes electrical poWer and 
generates heat. Heat produced by rack-mounted equipment 
can have adverse effects on the performance, reliability and 
useful life of the equipment components. In particular, 
rack-mounted equipment housed Within an enclosure is 
particularly vulnerable to heat build-up and hot spots pro 
duced Within the con?nes of the enclosure during operation. 
The amount of heat generated by a rack is dependent on the 
amount of electrical poWer draWn by equipment in the rack 
during operation. Heat output of a rack can vary from a feW 
Watts per U unit of rack capacity to over 1 kW per U unit, 
depending on the number and the type of components 
mounted to the rack. Users of communications and infor 
mation technology equipment add, remove, and rearrange 
rack-mounted components as their needs change and neW 
needs develop. The amount of heat a given rack or enclosure 
can generate, therefore, can vary considerably from a feW 
tens of Watts up to about 10 kW. 

[0004] Rack-mounted equipment typically cools itself by 
draWing air along a front side or air inlet side of a rack or 
enclosure, draWing air through its components, and subse 
quently exhausting air from a rear or vent side of the rack or 
enclosure. Air ?oW requirements to provide suf?cient air for 
cooling, thus, can vary considerably as a result of the 
number and the type of rack-mounted components and the 
con?gurations of racks and enclosures. Generally, most 
con?gurations and designs of information technology equip 
ment require cooling air to How at a rate of about 180 cubic 
feet per minute (cfm) per kiloWatt of poWer consumed such 
that a rack draWing 10 kW of electrical poWer Would require 
an air ?oW rate of about 1,800 cfm. 

[0005] Equipment rooms and data centers are typically 
equipped With an air conditioning or cooling system that 
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supplies and circulates cool air to rack-mounted equipment 
and enclosures. Many air conditioning or cooling systems, 
such as the system disclosed in US. Patent Application 
Publication No. US. 2001/0029163 A1, application Ser. No. 
09/784,238, require that an equipment room or data center 
have a raised ?oor construction to facilitate the system’s air 
conditioning and circulation functions. Referring to FIG. 1, 
the cooling system of the referenced application provides 
cool air by means of closed-loop air circulation and includes 
a raised ?oor 2 disposed above a base ?oor 5 of an 
equipment room. The raised ?oor 2 and the base ?oor 5 
de?ne an air passageWay 6 into Which an air cooling unit 14 
delivers cool air. The air passageWay 6 is connected to one 
portion of an equipment rack or enclosure 8 and is con?g 
ured to channel cool air through the passageWay to front 
portions of equipment 7 housed in the enclosure 8. Cool air 
?oWs across the equipment 7 into a plenum 8c and ascends 
through the plenum 8c into a plurality of ducts 24. Exhaust 
air vents from the ducts 24 into a return plenum 4. The return 
plenum 4 is connected to the air cooling unit 14 and is 
con?gured to deliver exhaust air to the air cooling unit 14 for 
cooling and subsequent recirculation to the equipment room. 

[0006] Alternatively, air cooling systems and methods use 
open ?oor tiles and ?oor grills or vents to deliver cool air 
from the air passageWay disposed beloW the raised ?oor of 
an equipment room. Open ?oor tiles and ?oor grills or vents 
are typically located in front of equipment racks and enclo 
sures, and along aisles betWeen roWs of racks and enclosures 
arranged side-by-side. 

[0007] The cooling systems and methods that require a 
raised ?oor construction typically do not ef?ciently meet the 
cooling requirements of rack-mounted equipment. In par 
ticular, racks that include high poWer equipment having a 
thermal exhaust air output above 5 kW and up to 10 kW 
present a particular challenge for such systems and methods. 
A raised ?oor construction typically provides an open ?oor 
tile or a ?oor grill or vent having a venting area of about 12 
by 12 inches and is con?gured to deliver from about 200 to 
about 500 cfm of cool air. The air ?oW rate from the venting 
area is dependent on such factors as static air pressure and 
the presence of other ?oor tiles such that, in practice, a ?oor 
tile typically delivers from about 100 to about 200 cfm of air. 
A rack of high poWer equipment draWing up to 10 kW and 
requiring an air How of approximately 1,800 cfm, therefore, 
Would need at least about 3.5 to about 5 open ?oor tiles, 
grills or vents disposed around the racks perimeter to 
supply suf?cient cool air to meet its cooling requirements. 
Such a ?oor con?guration Would be dif?cult to achieve in 
equipment rooms croWded With racks and enclosures, and 
impossible to implement if racks and enclosures are 
arranged side-by-side in roWs. Air cooling systems and 
methods that incorporate raised ?oor con?gurations, thus, 
are typically only used With racks and enclosures spaced 
apart to provide suf?cient ?oor area to accommodate mul 
tiple open ?oor tiles, grills or vents. For typical rack spacing, 
this places a limit on the density of equipment that can be 
achieved. In addition, such air cooling systems and methods 
must supply cold air through open ?oor tiles, grills or vents 
to meet the cooling requirements of equipment having high 
thermal exhaust air output. 

[0008] Equipment rooms and data centers are often recon 
?gured to meet neW and/or different equipment needs that 
require individual racks and enclosures to be relocated 
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and/or replaced. In this context, raised ?oor air cooling 
systems and methods are in?exible and can typically only be 
recon?gured and/or retro?tted to service rearranged, relo 
cated and/or neWly installed equipment racks at considerable 
cost. Raised ?oor con?gurations cannot easily and inexpen 
sively accommodate the manner by Which users typically 
deploy equipment racks and recon?gure equipment rooms 
and data centers to meet their neW or changing needs. 

[0009] In addition, cooling systems and methods that 
require raised ?oor construction lack physical ?exibility and 
portability to operatively account for a Wide variation in 
electrical poWer consumption betWeen different racks and 
enclosures in an equipment room, and, in particular, betWeen 
racks and enclosures located in the same roW. Cooling 
systems and methods that rely upon raised ?oor air passage 
Ways and open ?oor tiles, grills or vents to supply cool air 
cannot easily and inexpensively vary or concentrate cool air 
to those high poWer racks that consume relatively large 
amounts of electrical poWer and have a high thermal air 
exhaust output. In addition, neWly installed equipment may 
draW more electrical poWer than replaced or existing equip 
ment to create thermal problem areas in functioning equip 
ment rooms. 

[0010] Further, cooling systems and methods that depend 
upon raised ?oor construction cannot physically accommo 
date speci?c areas in equipment rooms With thermal prob 
lems. For example, such systems and methods cannot over 
come exhaust problems Where hot and Warm exhaust air is 
not effectively vented from an equipment room and/or 
returned to an air conditioning or cooling system Without 
considerable expense to recon?gure and/or retro?t the air 
systems and/or the racks and enclosures. Such exhaust 
problems can also cause hot and Warm exhaust air to 
recirculate to racks and enclosures, raising operating tem 
peratures of equipment and, in particular, equipment With 
high poWer consumption and/or equipment located in areas 
of an equipment room With thermal problems. Similarly, 
raised ?oor cooling systems and methods cannot account for 
local thermal problems Where hot and Warm exhaust air 
from one rack is draWn into adjacent and/or proximate racks 
causing equipment overheating. Raised ?oor cooling sys 
tems and methods cannot easily retro?t to existing cooling 
systems of an equipment room or data center or to existing 
equipment racks. 

[0011] Air cooling systems and methods that require 
raised ?oor con?gurations also reduce available headroom 
in equipment rooms and data centers. Wires housed Within 
air passageWays beloW raised ?oors are dif?cult to access. In 
addition, such air passageWays are dif?cult to clean. Open 
?oor tiles and ?oor grills or vents also pose a safety risk to 
personnel. In addition, raised ?oor construction presents a 
risk of collapse during earthquake. 

SUMMARY OF THE INVENTION 

[0012] In general, in an aspect, the invention provides a 
system for exhausting air from an equipment enclosure and 
returning air to an air conditioner. The system includes an 
exhaust unit that couples to a back section of the equipment 
enclosure, the exhaust unit having at least one duct to direct 
air to a top portion of the exhaust unit. The system includes 
an exhaust duct that has a ?rst end and a second end, the ?rst 
end being constructed and arranged to couple to the top 
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portion of the exhaust unit, and further includes at least one 
fan contained Within either the exhaust unit or the exhaust 
duct to draW air from Within the equipment enclosure and 
out through the exhaust unit and through the exhaust duct. 

[0013] Implementations of the invention may include one 
or more of the folloWing features. The exhaust unit forms a 
back door of the equipment enclosure, and is constructed 
and arranged to replace an existing back door of the equip 
ment enclosure. The at least one fan includes a plurality of 
fans contained Within the exhaust unit. The exhaust unit 
includes a corresponding duct for each fan of the plurality of 
fans, With a ?rst corresponding duct having a minimum 
cross-sectional area approximately equal to a minimum 
cross-sectional area of a second corresponding duct. The 
exhaust duct is ?exible, and Wherein the second end of the 
exhaust duct is constructed and arranged to mate With a 
ceiling tile to alloW exhaust air to be directed to an air 
plenum located above a ceiling. 

[0014] The system further includes the equipment enclo 
sure, and Wherein the equipment enclosure includes an 
internal frame to alloW mounting of equipment in an equip 
ment area formed by the internal frame, a top panel, a 
bottom panel, a ?rst side panel, a second side panel, and a 
front door having formed therein a number of openings to 
alloW air draWn by the plurality of fans to by draWn through 
the openings, Wherein the internal frame is coupled to the 
top panel, the ?rst side panel and the second side panel to 
provide a substantially air tight seal so that substantially all 
air draWn through the openings in the front door passes 
through the equipment area and into the exhaust unit. 

[0015] Implementations of the invention may further 
include one or more of the folloWing features. The at least 
one fan is con?gured to operate at a variable speed. A 
controller is coupled to the at least one fan and constructed 
and arranged to control the variable speed of the fan. The 
controller controls the variable speed based on poWer draWn 
by equipment contained in the equipment enclosure. In 
addition, the controller controls the variable speed in 
response to a temperature of air in either the equipment 
enclosure or the exhaust unit. The system further comprises 
at least one user control to alloW a user to control the 

variable speed of the at least one fan. 

[0016] In addition, the system includes multiple poWer 
inputs and a circuitry module coupling the poWer inputs to 
the at least one fan. The circuitry module is con?gured to 
disconnect a ?rst of the poWer inputs from the at least one 
fan and connect a second of the poWer inputs to the at least 
one fan in response to a loss of poWer at the ?rst of the poWer 
inputs. The controller is constructed and arranged to sense 
opening of the back door of the equipment enclosure and to 
sWitch the at least one fan off When the back door is opened, 
and can be constructed and arranged to control the at least 
one fan to operate at maximum speed When the back door is 
opened. The controller is con?gured to detect a failure of one 
fan of the plurality of fans. The controller is further con?g 
ured to communicate the failure to a device external to the 
equipment enclosure. 

[0017] In another aspect, a method is provided for 
exhausting air from an equipment enclosure and returning 
air to an air conditioner, the equipment enclosure having a 
front door and a back door. The method includes receiving 
air through openings in the front door of the enclosure; 
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drawing the air across equipment in the enclosure toward the 
back door of the enclosure; drawing the air toward an 
opening in the top of the back door and through an exhaust 
duct to a ceiling plenum; and returning the air to the air 
conditioner through the ceiling plenum; wherein drawing the 
air across the equipment and toward an opening in the top of 
the enclosure is accomplished using at least one fan mounted 
in either of the back door of the enclosure or the exhaust 
duct. 

[0018] In still another aspect, a system is provided for 
exhausting air from an equipment enclosure and returning 
air to an air conditioner, the equipment enclosure having a 
front door and a back door. The system includes an exhaust 
duct that has a ?rst end and a second end, the ?rst end being 
constructed and arranged to couple to a top portion of the 
equipment enclosure. The system further includes means, 
contained within either the exhaust duct or the equipment 
enclosure, to draw air out of the equipment enclosure and 
through the exhaust duct. 

[0019] In yet another aspect, an air exhaust system is 
provided for use with an enclosure containing equipment. 
The system includes a housing de?ning a chamber, an 
exhaust port in a top of the housing, and at least one intake 
port. The at least one intake port is con?gured to provide 
?uid communication between the chamber and a volume of 
air external to the housing. The housing is con?gured to 
couple to the enclosure such that the housing is adjacent to 
a ?rst portion of the enclosure on a ?rst side of the 
equipment from which the equipment vents air. The system 
includes at least one fan disposed within the chamber and 
coupled to the at least one intake port such that the fan is in 
?uid communication with the chamber and with the equip 
ment. The fan is con?gured to draw air through the at least 
one intake port from the ?rst side of the equipment such that 
the equipment contained in the enclosure draws air into a 
second portion of the enclosure on a second side of the 
equipment and vents air from the ?rst side of the equipment. 
The at least one fan is further con?gured to force the 
drawn-in air into an exhaust duct provided by the housing, 
the exhaust duct being con?gured to channel fan-exhausted 
air from the fan to the exhaust port in a substantially parallel 
orientation to the ?rst side of the equipment. 

[0020] In a further aspect, an enclosure is provided includ 
ing a frame con?gured to support the equipment in the 
enclosure, a door coupled to the frame, the door having at 
least one internal duct with an exhaust port, and means for 
drawing air across the equipment into the at least one 
internal duct and out the exhaust port. 

[0021] In still a further aspect, a method is provided for 
cooling equipment contained in an enclosure, the equipment 
being con?gured and arranged in the enclosure to vent air 
into a ?rst portion of the enclosure on a ?rst side of the 
equipment, is provided. The method includes drawing air 
from a second portion of the enclosure on a second side of 
the equipment to the ?rst portion of the enclosure; forcing 
the air into a duct provided by a housing; the housing 
coupled with the enclosure such that the duct and the ?rst 
side of the equipment are in ?uid communication; and 
guiding the air through the duct to a top of the housing; and 
venting the air from the top of the housing to an area external 
to the enclosure. 

[0022] Various aspects of the invention may provide one 
or more of the following advantages. Heat can be removed 
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from equipment, such as communications and information 
technology equipment, e.g., servers, CPUs, internetworking 
equipment and storage devices, housed in an equipment rack 
and/or enclosure that produces heat. Heat build-up and hot 
spots within a rack or enclosure, as well as overheating of 
equipment in a rack or enclosure, can be prevented by 
removing exhaust air produced by and vented from the 
equipment during operation. Internal temperatures of rack 
mounted equipment and/or rack enclosures can be con 
trolled. 

[0023] An exhaust air removal system and method can be 
provided to remove exhaust air produced by rack-mounted 
equipment for ef?cient and effective cooling of the equip 
ment. The system and method can be con?gured and 
arranged to help facilitate operation of rack-mounted equip 
ment, e.g., drawing ambient air into the equipment and 
across equipment components to meet its cooling needs and 
venting hot and warm exhaust air. The system and method 
can provide heat removal redundancy, employing a fan unit 
having one or more fans coupled to a rack and/or enclosure 
housing equipment such that the fans draw and remove 
exhaust air vented from the equipment. The fan unit can 
contain the drawn-in exhaust air and can vent drawn-in air 
to an area external to the equipment. 

[0024] By removing exhaust air from the equipment and 
the rack and/or enclosure, the fan unit can help to lower 
pressure and/or help to minimiZe/reduce backpressure at a 
vent side of the equipment, e.g., caused by air ?ow resis 
tance, which can help to enable the equipment to draw 
ambient air into the enclosure suf?cient to meet its cooling 
needs. In addition, the fan unit can help to minimiZe/reduce 
pressure differences between a vent side of equipment and 
an intake side of equipment to enable the equipment to 
operate effectively. The system and method employing the 
fan unit, therefore, can rely on cool ambient air supplied to 
an equipment room or data center in a range of from about 
60° F. to about 70° F. to meet equipment cooling require 
ments. 

[0025] The fan unit can draw exhaust air vented from 
rack-mounted equipment and can contain and vent exhaust 
air to an area external to the rack, e.g., an external exhaust 
duct or plenum connected to the fan unit. The fan unit can 
thereby help to eliminate or to at least minimiZe/reduce the 
extent to which exhaust air mixes with ambient air of an 
equipment room or data center. The fan unit can help to 
eliminate or to at least minimiZe/reduce undesirable recir 
culation of exhaust air to equipment. By helping to eliminate 
or to at least minimiZe/reduce mixing of exhaust air with 
ambient air and recirculating exhaust air to equipment, the 
fan unit can help to prevent or to minimiZe/reduce a thermal 
gradient of inlet temperatures of ambient air drawn into 
equipment from an intake side of equipment. Temperatures 
of ambient air drawn into equipment at a top portion of a 
rack thereby are not substantially higher/lower than tem 
peratures of ambient air drawn into equipment at a bottom 
portion of the rack. 

[0026] By removing and containing exhaust air, the fan 
unit can help to maintain ambient air temperature, e.g., 
within a range of from about 60° F. to about 70° F., and to 
enable rack-mounted equipment to rely on ambient air to 
meet its cooling requirements. Cooling and supplying ambi 
ent air within this range can help to eliminate or to at least 
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minimiZe/reduce condensation and humidi?cation problems 
typically associated With supplying cooling air at relatively 
loW temperatures, e.g., 55° F. In addition, cooling and 
supplying ambient air Within this range can help to eliminate 
or to at least minimiZe/reduce condensation and humidi? 
cation problems and costs typically associated With supply 
ing cooling air at relatively loW temperatures, e.g., 55° F. 

[0027] Without a need for cooling air at loW temperatures, 
the system and method employing the fan unit can avoid a 
double or raised ?oor construction that can be used to 
provide cooling air at relatively loW temperatures, e.g., 55° 
F., and to supply air directly into equipment racks and 
enclosures. The system and method, thus, can avoid the cost 
disadvantages associated With the operation and mainte 
nance of raised ?oor cooling systems and methods. In 
addition, the system and method employing the fan unit can 
avoid the costs of recon?guring equipment rooms and 
retro?tting cooling equipment and racks that may be 
required With raised ?oor cooling systems and methods. 

[0028] Removing exhaust air vented by rack-mounted 
equipment With the fan unit can provide ?exibility to accom 
modate a Wide variation in electrical poWer draWn by 
rack-mounted equipment and a consequent Wide variation in 
exhaust air produced by the equipment. The fan unit can be 
quickly and easily installed to and detached from an indi 
vidual equipment rack and/or enclosure, as Well as installed 
to and detached from an external exhaust duct, e.g., a duct 
coupled to the fan unit to vent exhaust air to a dropped 
ceiling exhaust plenum for removal of exhaust air from an 
equipment room or data center. 

[0029] Control of fan-speeds can help to eliminate or to at 
least minimiZe/reduce a potential for rack-mounted equip 
ment to draW ambient air at a How rate greater or less than 
required to meet its cooling needs. A risk of rack-mounted 
equipment receiving too much or too little ambient air for 
cooling, therefore, can be eliminated or at least minimiZed/ 
reduced. Control of fan-speeds can also help to avoid or to 
at least minimiZe/reduce a risk of returning exhaust air to an 
air conditioning or cooling system at a rate that can exceed 
or overcome a capacity of the air conditioning or cooling 
system. Fan-speeds can be controlled and adjusted in accord 
With measured values of a poWer load of equipment, and/or 
detected internal temperatures of equipment. 

[0030] In addition, control of air How and internal tem 
peratures of rack-mounted equipment can be protected 
against poWer outages and poWer irregularities to prevent 
heat build up and overheating. Advantages of aspects of the 
invention can be provided to neW or existing standard 
dimensioned or nonstandard-dimensioned racks and enclo 
sures With minimal or no retro?tting of racks or enclosures. 

[0031] These and other advantages of the invention, along 
With the invention itself, Will be more fully understood after 
a revieW of the folloWing ?gures, detailed description, and 
claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0032] FIG. 1 illustrates a prior art air conditioning cool 
ing system of a conventional equipment room including a 
double or raised ?oor having an air passageWay. 

[0033] FIG. 2 is a side vieW of one embodiment of an 
exhaust system for an equipment room according to the 
present invention. 

May 27, 2004 

[0034] FIG. 2A is a side vieW of a portion of a fan unit of 
the exhaust system shoWn in FIG. 2 coupled to an equip 
ment enclosure. 

[0035] FIG. 3A is a top vieW of an exhaust port of an 
optional exhaust air fan unit that can be used With the 
embodiment shoWn in FIG. 2. 

[0036] FIG. 3B is a side vieW of the exhaust port of the fan 
unit shoWn in FIG. 3A connected to an exhaust duct. 

[0037] FIG. 4 is a side vieW of an exhaust air fan unit 
according to another embodiment of the present invention. 

[0038] FIG. 5A is a top vieW of the fan unit shoWn in FIG. 
4 partially removed aWay from an enclosure to Which the fan 
unit is attached. 

[0039] FIG. 5B is a back vieW of the enclosure shoWn in 
FIG. 5A and an inside vieW of the fan unit shoWn in FIGS. 
4 and 5A. 

[0040] FIG. 6 is an interior vieW of multiple ducts and 
fans of the fan unit shoWn in FIG. 4 and FIGS. 5A-5B. 

[0041] FIG. 7 is an opposing perspective vieW of the fans 
shoWn in FIG. 6 and of fail-over circuitry. 

[0042] FIG. 8 is a side vieW of the fan unit shoWn in FIG. 
4 connected to a duct and a ceiling plenum. 

[0043] FIG. 9A is a side vieW of the duct shoWn in FIG. 
8. 

[0044] FIG. 9B is a side vieW of a duct aligned With a 
plurality of openings in a ceiling. 

[0045] FIG. 9C is a side vieW of the duct shoWn in FIG. 
9B aligned With a hood extending from a ceiling. 

[0046] FIG. 10 is a vieW of a roW of racks and/or 
enclosure With some racks and/or enclosures having the fan 
unit as shoWn in FIG. 8. 

[0047] FIG. 11 is a schematic vieW of a fan speed control 
system based on rack poWer load of the fan unit shoWn in 
FIGS. 4 and 8. 

[0048] FIG. 12 is a schematic vieW of a fan speed control 
system based on equipment temperature of the fan unit 
shoWn in FIGS. 4 and 8. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0049] Illustrative embodiments of the invention provide 
an exhaust air removal system and method for use With 
equipment rooms and data centers in Which communications 
and information technology equipment is stored and oper 
ated. More particularly, an exhaust air removal system and 
method are provided to remove undesirable thermal exhaust 
air produced by equipment, such as rack-mounted servers, 
CPUs and other electronic equipment, during operation of 
the equipment. The exhaust air removal system is con 
structed and arranged to connect to an equipment rack 
and/or a rack enclosure. When connected to an equipment 
rack and/or enclosure, the system is disposed and con?gured 
to remove thermal exhaust air output from the rack by 
draWing and containing exhaust air vented from the rack and 
venting the exhaust air to an area external to the rack and/or 
the enclosure. The system is constructed and arranged to 
remove exhaust air vented by equipment in a rack and/or 
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enclosure to help minimize or reduce resistance to air ?oW 
into the rack. Minimizing or reducing air ?oW resistance 
helps to enable the equipment in the rack to operate effec 
tively, drawing suf?cient air into the rack to meet its cooling 
requirements and venting exhaust air from the equipment 
and the rack. 

[0050] The exhaust air removal system can be disposed 
and con?gured to vent thermal exhaust air to ambient air of 
an equipment room or data center in Which a rack and/or 
enclosure is located. Alternatively, the system can be dis 
posed and con?gured to vent thermal exhaust air to an 
external exhaust duct or system, e.g., an exhaust plenum 
disposed in a dropped ceiling of an equipment room or data 
center, to remove hot and Warm air. In this context, the 
exhaust air removal system can be further con?gured to 
operate in conjunction With an air conditioning or cooling 
system that provides cool air to the equipment room or data 
center. The system can be operatively connected to the air 
conditioning or cooling system, Whereby the system vents 
hot and Warm air to the exhaust plenum, and the exhaust 
plenum is con?gured to guide or channel air to the air 
conditioning or cooling system. The air conditioning or 
cooling system cools exhaust air and supplies cool air to the 
equipment room or data center. Equipment in a rack and/or 
housed in an enclosure can draW cool air from ambient air 
space of the equipment room or data center into its compo 
nents to cool itself during operation. Other embodiments are 
Within the scope of the invention. 

[0051] Referring to FIG. 2, in one embodiment, the inven 
tion provides an exhaust system for use in an equipment 
room or data center 200 having an enclosure 100 that houses 
an equipment rack 115. The system includes a self-contained 
exhaust air fan unit 10 coupled to the equipment enclosure 
100, an exhaust plenum 210 disposed in an overhead 
dropped ceiling 200a of the equipment room 200 and 
coupled to the fan unit 10, and an air cooling system 215 
coupled to the plenum 210 by an intake duct 220. 

[0052] The fan unit 10 is connected or mounted, e.g., With 
connectors, screWs and/or hinged devices, to the enclosure 
100. The rack 115 includes rack-mounted equipment, e.g., 
servers, CPUs and other electronic components, arranged 
vertically on mounting rails Within the rack 115. The fan unit 
10 is preferably connected to a portion of the enclosure 100 
from Which the rack-mounted servers, CPUs and other 
components vent thermal exhaust air to an area external to 
the rack 115. 

[0053] The fan unit 10 includes multiple fans 18, each fan 
18 being coupled to an interior exhaust duct 20. The ducts 
20 are con?gured and arranged to extend upWard to a top 32 
of the fan unit 10 and to terminate into an exhaust port 16. 
The exhaust port 16 is coupled to the plenum 210 by a duct 
225. The duct 225 places the ducts 20 in the fan unit 10 in 
?uid communication With the plenum 210. A ?rst terminal 
end 225a of the duct 225 is con?gured to couple to the 
exhaust port 16 of the fan unit 10 and a second terminal end 
225b is con?gured to couple to the plenum 210. 

[0054] The ?rst terminal end 225a of the duct 225 can be 
preferably con?gured and arranged to removably connect 
the duct 225 to a perimeter that de?nes the exhaust port 16 
of the fan unit 10. The second terminal end 225b of the duct 
225 can be preferably con?gured and arranged to removably 
connect the duct 225 to the ceiling 200a. In particular, the 
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second terminal end 225b can be preferably con?gured and 
arranged to removably connect to a ceiling tile 230 of the 
dropped ceiling 200a. Alternatively, the second terminal end 
225b of the duct 225 can be connected to the ceiling tile 230, 
and the ceiling tile 230 can be con?gured and siZed to 
removably mount Within an overhead ceiling grid 230a that 
supports the dropped ceiling 200a. The removable ceiling 
tile 230 permits the duct 225 to removably connect to the 
plenum 210 such that the duct 225 and the fan unit 10 can 
be readily connected to and detached from the plenum 210. 

[0055] The duct 225 can include other con?gurations 
Whereby the duct 225 extends upWard aWay from the fan 
unit 10 to an area beloW the ceiling 200a and/or the plenum 
210. The second terminal end 225b of the duct 225 can align 
With one or more openings in the ceiling 200a, the ceiling 
tile 230 or a portion of the plenum 210 to permit the fan unit 
10 to exhaust air from the exhaust port 16 through the one 
or more openings into the plenum 210. 

[0056] As shoWn in FIG. 2, the plenum 210 is disposed 
and con?gured in the dropped ceiling 200a to receive 
exhaust air from the fan unit 10. The plenum 210 is further 
disposed and con?gured to guide or channel exhaust air to 
the intake duct 220. The intake duct 220 is disposed and 
con?gured to receive exhaust air from the plenum 210 and 
to guide or channel exhaust air into the air cooling system 
215. The cooling system 215 cools exhaust air received from 
the intake duct 220 to a temperature Within a desired range 
of temperature(s) and forces cool air into the equipment 
room 200, as shoWn by arroWs 250 in FIG. 2. 

[0057] The cooling system 215 includes a room-siZed air 
conditioner unit having an inlet 216 con?gured to permit air 
from the plenum 210 to How into the unit 215, a cooling 
assembly 217, e.g., including one or more cooling coils, to 
cool air received from the inlet 216, an exhaust assembly 
218 to vent cool air from the unit 215 to the equipment room 
200, and a condensate system 219 coupled to the system 215 
to collect and to remove Water condensate produced during 
operation. 

[0058] Referring also to FIG. 2A, the system is con?gured 
and arranged such that When the fan unit 10 is connected 
and/or mounted to the rack 115 and/or the enclosure 100 
removal of exhaust air by the fan unit 10 helps to enable 
rack-mounted equipment 125 to operate effectively to meet 
its cooling requirements during operation by draWing cool 
air from ambient air space of the equipment room 200. Cool 
air is supplied to the equipment room from the air cooling 
system 215 and circulates in the equipment room 200. The 
equipment 125 in the rack 115 draWs cool air, e.g., via fans 
in the equipment 125, from ambient air space into the 
enclosure 100 through inlet vents 118 provided by the 
enclosure 100. The inlet vents 118 are disposed in a front 
panel or door 100a of the enclosure 100 and are con?gured 
to permit air How to an inlet area 11a. The inlet area 111a is 
air space de?ned betWeen the front door 100a of the enclo 
sure 100 and an air inlet side 115a of the rack 115. The fans 
in the equipment 125 draW ambient air through the inlet 
vents 118 and through the inlet area 111a into the equipment 
125 along the inlet side 115a of the rack 115, as shoWn by 
arroWs 240 in FIGS. 2-2A. The fans of the equipment 125 
further draW air through its components and vent exhaust air 
through exhaust ports 117 of the equipment 125. The 
exhaust ports 117 are disposed and con?gured to vent 


























